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Abstract:  This  paper  analyzes  trends  and  possible  future  developments  in  global  
wood-product  markets  and  discusses  implications  for  the  Swedish  forest  sector.  Four 
possible futures, or scenarios, are considered, based on qualitative scenario analysis. The 
scenarios  are  distinguished  principally  by  divergent  futures  with  respect  to  two  highly 
influential  factors  driving  change  in  global  wood-product  markets,  whose  future 
development  is  unpredictable.  These  so-called  critical  uncertainties  were  found  to  be 
degrees  to  which:  (i) current  patterns of globalization will continue, or be replaced by 
regionalism, and (ii) concern about the environment, particularly climate change, related 
policy  initiatives  and  customer  preferences,  will  materialize.  The  overall  future  of  the 
Swedish  solid  wood-product  industry  looks  bright,  irrespective  of  which  of  the  four 
possible  futures  occurs,  provided  it  accommodates  the  expected growth  in  demand for 
factory-made, energy-efficient construction components. The prospects for the pulp and 
paper industry in Sweden appear more ambiguous. Globalization is increasingly shifting 
production and consumption to the Southern hemisphere, adversely affecting employment 
and  forest  owners  in  Sweden.  Further,  technical  progress  in  information  and 
communication technology (ICT) is expected to lead to drastic reductions in demand for 
newsprint  and  printing  paper.  Chemical  pulp  producers  may  profit  from  a  growing  
bio-energy industry, since they could manufacture new, high-value products in integrated 
bio-refineries. Mechanical pulp producers cannot do this, however, and might suffer from 
higher prices for raw materials and electricity. 
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1. Introduction  
The Swedish forest industry accounts for 15 to 20% of the country’s total industrial investment, 
employing around 180,000 people nationally (including indirect employment in sectors that supply 
goods and services to the forest industry), more than a quarter of total industrial employment [1]. 
Sweden is also  a major force in global forest-product markets, as it is the world’s second largest 
exporter of paper, pulp and sawn timber [2]. The Swedish forest industry is highly export-oriented and 
export-dependent, e.g., 89% of the paper produced in 2009 was exported [3].  
Overall, it may be concluded that developments in global forest-product markets are likely to have 
far-reaching  implications  for  the  Swedish  forest  sector,  affecting  land-use,  investments  in  forest 
management, employment and regional development. The objectives of this paper are to present and 
analyze  possible  future  developments  in  global  forest-product  markets  and  discuss  the  overall 
implications of these developments for the Swedish forest sector, with a time horizon of about forty 
years from now (i.e., around 2050). 
After presenting trends and possible future developments, with regard to major drivers of change in 
global  forest-product  markets,  different  methods  for  futures  studies  are  briefly  reviewed,  focusing 
particularly on scenario analysis. Scenario analysis is then applied to address four alternative futures, 
differing with respect to developments in global wood-product markets and resulting demand pressure 
on the Swedish forest resource. The paper ends by discussing the findings and presenting conclusions 
regarding their implications for the Swedish forest industry. 
The focus of this study is on commodities made from woody biomass, referred to as wood products 
or forest products throughout the paper. 
2. Drivers of Change in Global Forest-Product Markets 
Assessment of possible future developments in global wood-product markets requires understanding 
of how factors driving change in these markets are likely to evolve. Factors frequently cited as drivers 
of change with regard to long-term global demand for wood products are: economic development; 
demographics;  scientific  and  technological  developments;  globalization;  global  climate  change; 
policies, regulations and customer preferences linked to climate change; environmental policies and 
regulations other than those linked to climate change (e.g., [4-7]).  
2.1. Economic Development 
Economic growth, measured by the rate of change in gross domestic product (GDP), is generally 
associated with growing demand for products and services, including wood products. According to 
neo-classical growth theory, economic growth is driven by growth in population (i.e., labor supply), 
capital  and  technological  change  [8,9].  Due to  diminishing returns  to  capital, and  labor increases, Forests 2011, 2                         
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economies will eventually reach a point (steady state) at which no new increase in production factors 
will  create  economic  growth.  In  neo-classical  growth  theory,  the  process  by  which  the  economy 
continues to grow is  exogenous  and represents  the creation of new  technology  [8,9]. Endogenous 
growth theory maintains that the development of new forms of technology is driven by enhancement of 
a nation's human capital [10]. Further, as personal incomes increase, individuals tend to spend a higher 
proportion of their income on activities that are largely personal pleasures, and less on basic needs. 
Hence, with increasing incomes, countries move up the hierarchy towards a pattern of demand that 
focuses more on less basic needs [11].  
While developed economies accounted for most of global GDP in the period 1970–2005, the rapid 
growth of developing economies, especially in Asia, is expected to swing the balance significantly in 
the future. The rate of economic growth in Western Europe, the most important export market for 
Swedish forest products, is much lower than in developing regions, and is predicted to slow further. 
For example, real GDP growth in Germany is projected to be slightly less than two percent per annum 
during the period from 2010 until 2020, and to decrease to about 1.3% during the period from 2020 to 
2030 [12]. The global demand for forest products is thus expected to continue to grow, but mainly in 
China, India, Brazil, and other developing countries, in line with their growth in population and income. 
However, most Western European countries have a research and development expenditure of more 
than two percent of GDP [13]. Hence, high investments in science and technology in Europe could 
favor the transition to a knowledge-based post-industrial “green” economy, based on sustainable use of 
resources [7]. 
2.2. Demographics 
Demographics affect forest-product markets in several ways. First of all, population increases can 
result  in  economic  growth  and  increased  demand,  as  mentioned  above.  A  large  population  also 
provides a large domestic market for the economy. Nevertheless, rapid population growth, aside from 
potential  feeding  problems,  also  imposes  constraints  on  the  development  of  savings  (and  thus, 
subsequently,  on  investments),  as  it  leads  to  more  dependent  children  [14,15].  The  world’s  total 
population is projected to stabilize at slightly over nine billion in 2050, whereas total population in 
Europe is expected to decrease from 730 million in 2005 to around 660 million in 2050, according to 
UN medium fertility forecasts [16]. This projected fall in population could partly explain the expected 
slow  economic  growth  in  Europe,  although  economic  welfare  in  the  sense  of  GDP  per  capita  
would increase.  
In terms of housing demand, the number of households is more important than population size [17]. 
The number of households in Europe is projected to increase by 20% from 2005 to 2030, as households 
are  becoming  smaller,  implying  that  demand  for  housing,  furniture  and  (hence)  sawnwood  and  
wood-based panel products will continue to rise [18]. 
In addition to the total population and number of households, the degree of urbanization influences 
forest-product  markets.  Increased  urbanization  tends  to  increase  a  society’s  demand for non-wood 
forest  products  and  services,  relative  to  wood  products  [4],  while  at  the  same  time  reducing  
wood-product harvests, as forest management is affected far beyond the urban boundary [19,20]. The 
effect on net demand for wood products is thus equivocal. Further, by reducing the rural workforce, Forests 2011, 2                         
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increased urbanization leads to difficulties in attracting people to work in forestry [21], thereby putting 
upward pressure on labor costs. Urbanization is expected to increase further in Sweden and Europe as 
well as globally [16]. 
Changes  in  the  age  structure  of  the  population  also  have  potentially  important  effects  on  
forest-product markets. As shown in Figure 1, the population is clearly ageing, globally as well as in 
Europe and Sweden. On the demand side, the proportion of the population older than 75 years has been 
shown to have a significant negative effect on residential construction volumes, due to the increasing 
burden on the working population [22]. An ageing population also has supply effects, as it entails a 
shrinking workforce, thereby accelerates technological progress in the construction industry in order to 
reduce labor costs, i.e., more construction components will be factory-made [23].  
Figure 1. Historical, current and projected proportions (percent) of Swedish, European and 
global populations aged 65 years or more. Source: UN medium fertility variant [16]. 
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2.3. Scientific and Technological Developments 
Scientific and technological developments in silviculture, forest management, harvesting, transport 
and processing of wood products, and information technology, are expected to be most relevant for 
forest-product markets [4,7].  
Research within the areas of forest management and silviculture has focused on planted forests and 
short-rotation species. Research here aims primarily to identify ways to increase forest growth rates and 
wood quality as well as the ability of forests to withstand adverse environmental conditions, pests and 
diseases. This focus on fast-growing species relates to demand from the pulp and paper industry and 
reconstituted wood-panel producers. Enormous productivity gains have been obtained for species such 
as eucalyptus and tropical pines [7]. New possibilities, though controversial, for improving production 
and quality are provided by research in gene transfer technology and tree genomics; see, for instance, 
Evans and Turnbull [24]. These developments all contribute to an increase in the supply of roundwood 
for wood-processing industries. 
Technological improvements in wood processing have made the use of small-dimension sawlogs 
possible,  hence,  in  a  number  of  northern  countries,  notably  Finland,  Sweden  and  Canada,  the Forests 2011, 2                         
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proportion  of  pulpwood  production  in  total  industrial  roundwood  production  has  fallen  in  recent 
decades. Another effect of these improvements has been an increase in the production of wood chips 
from sawmills, used in the production of reconstituted wood panels, wood pulp, or for bio-energy [25]. 
Research efforts, mainly in Europe and North America, aim at transforming pulp and paper units into 
bio-refineries,  i.e.,  integrated  industries  that  produce  ethanol,  starch,  organic  acids,  polymers, 
oleochemicals,  bioplastics  and  various  food  and  feed  ingredients,  from  wood-processing  residues. 
These  bio-refineries  could  be  key  features  in  the  creation  of  a  “green  economy”,  by  reducing 
dependence on fossil fuels [26]. This development should also benefit the profitability of the pulp and 
paper industry, since the primary goal of converting a given chemical pulp mill into an integrated  
bio-refinery  is  to  create  more  value  from  the  bio-based  raw  material  provided  by  the  forestry  
sector [27]. Large-scale establishment of integrated bio-refineries should thus increase the use of forest 
raw materials while at the same time potentially increasing the efficiency of raw material use. In the 
future, nanotechnology is expected to result in further advances in material and energy efficiency, from 
production of raw materials to composite and paper products [28,29]. The increased efficiency this 
entails should dampen global demand for wood fiber. In addition to efficiency gains, advances in 
nanotechnology are expected to enhance properties of wood products and lead to the creation of new 
materials, e.g., by injecting ceramic nanoparticles into wood to improve their mechanical properties 
and fire resistance, and new construction materials based on wood fiber/plastic composites [28].  
Progress in information and communication technology (ICT) has already had a fundamental impact 
on the paper market in the USA. Hence, long-run income elasticity (the responsiveness of demand to 
income changes) for newsprint consumption turned negative after 1987 [30]. Econometric analyses of 
historical data for West European countries have not indicated a general structural shift in newsprint 
consumption [31], but recent studies indicate that the situation is changing. In addition, the market for 
office paper seems to have restructured in recent years; growth in consumption of office paper has 
slowed markedly, ceased altogether, or even started to fall in some OECD countries. As for newsprint, 
the change has been most noticeable in North America [32]. The development of electronic ICT and 
ensuing decrease in the demand for paper implies that less forest resources will be needed for pulp 
production [33]. 
2.4. Globalization 
For the forest sector, the principal effect of globalization has been reduced transport costs, which 
have  led  to  increased  forest-product  trade  and  the  creation  of  a  truly  global  market  for  forest  
products [4]. Globalization has reduced the importance of forest resources for the forest industry, and 
development has been driven predominantly by labor costs, levels of research and technology, and 
access to capital [25]. Intensively managed forest plantations are increasingly replacing natural forests 
as the raw material resource. These changes eliminate the traditional ties between forest processing and 
locations with abundant natural forests [34]. Hence, forest industry functions have become spatially 
separated,  i.e.,  companies  now  utilize  materials  from  various  sources,  and  consequently  can  site 
manufacturing plants at different locations along the value chain, from the forest to the consumer [4].  
The relative advantage in wood production is thus moving away from countries with large forest 
resources in the northern hemisphere toward countries where trees grow quickly; the future supply of Forests 2011, 2                         
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wood and fiber will increasingly depend on the availability of land for forest plantations, and their 
environmental and social  costs  [25]. For countries like Sweden and Finland, succeeding in global 
competition on a domestic basis alone is not possible. Consequently, Nordic forest companies are 
expected to continue to invest in forest plantations and pulp mills in South America, whereas paper 
machines will be located in Asia, where demand is growing most rapidly [35].  
These developments will, of course, adversely affect employment in the Swedish forest-product 
industry.  The  implications  for  Northern  Sweden  are  particularly  serious;  here  raw-material-based 
industries, such as forest industries, often provide the only means of employment [36]. Swedish forest 
owners will also face negative consequences, as cheap hardwood pulp from the southern hemisphere 
will exert downward pressure on the price of Swedish softwood pulp. The Swedish sawmill industry, 
however, should not face the same direct threat, since the forest expansion in the southern hemisphere 
is mainly focused on pulp and paper production [25]. Further globalization could also conceivably be 
halted by dramatically increasing transports costs, or by major international conflicts disrupting global 
trade, arising for example from competition for natural resources in the Arctic region [37]. 
2.5. Global Climate Change 
Anticipated changes in the world’s climate are likely to affect, substantially, every aspect of the 
environment  and  the  economy  [6].  Inter  alia,  expected  changes  in  temperature  and  precipitation 
patterns will probably have strong direct effects on both natural and modified forests [5], affecting both 
the growth rates and optimal locations for tree species [38].  
Hence, climate change is expected to improve forest productivity on a global scale while increasing 
regional variability, thereby complicating the relationship between supply and asset appreciation [6]. In 
boreal regions, such as Sweden, elevated atmospheric CO2 concentrations accompanied by warming 
and  longer  growth  seasons  are  generally  expected  to  increase  timber  production  over  the  coming 
century,  by  inducing  a  polarward  shift  of  the  most  important  forestry  species  and  accelerating 
vegetation growth [39-42]. These flow effects could have major economic implications in the long 
term, e.g., global timber harvests could be six percent greater in 2050 than they might have been 
without warming [43]. In the shorter term, up to 2025, timber harvest levels are not expected to change 
substantially in boreal forests [38].  
However, stock effects, i.e., changes in frequencies or the nature of disturbances, such as forest fires, 
pest infestations, severe drought or windthrow, may have potentially important impacts in the near and 
medium terms [38]. Notably, increased frequencies of extreme events such as strong winds, droughts, 
etc., aggravated by insect outbreaks and wildfires, can cause massive losses to commercial forestry [5]. 
An  obvious  example  is  the  mountain  pine  beetle  infestation  in  Western  Canada.  Ensuing  salvage 
logging is projected to increase short-term timber supply and reduce prices, whereas longer term timber 
supply will decrease [44-46].  
Modeling results suggest that the decline in the global importance of boreal forests, as global timber 
harvests shift towards subtropical plantation regions, will continue over the medium term, as impacts 
of lower world prices outweigh benefits of rising forest productivity in boreal regions [44,45]. An 
important aspect to bear in mind in this context is that no large differences in global warming between 
different greenhouse gases (GHG) emission scenarios are foreseen until at least 2050 [47], and this Forests 2011, 2                         
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should be valid even if climate changes are ultimately greater than expected, due to the inherent inertia 
of the climate system (e.g., [48]). 
2.6. Policies, Regulations and Customer Preferences Linked to Climate Change 
Policies aimed at mitigating climate-change can affect forest-product markets in various ways. One 
is by encouraging use of wood products instead of other materials that yield more GHG emissions 
during the course of their production, subsequent use and disposal [49]. As an example, public policies 
promoting the use of energy-efficient, renewable construction materials (e.g., the Code for Sustainable 
Homes in the UK [50]) could boost global demand for construction timber. However, the way in which 
green  building  standards  are  formulated  will  greatly  influence  the  strength  of  preferences  for 
sustainable wood products over competing materials, based on lifecycle carbon emissions [6].  
Public policies also affect global forest-product markets by influencing the development and use of 
bio-energy and bio-fuel, e.g., in 2007 the European Commission set a target of 20% for the total energy 
used in the EU, and a mandatory target of 10% for the energy used in petrol and diesel transport, to be 
from renewable sources by 2020 [51]. These targets have already stimulated increasing demand for 
wood as an energy source, particularly for wood pellets as a substitute for fossil fuel in small-scale 
heating and electricity production [52]. Bio-energy may provide opportunities for new markets, but will 
also pose challenges to traditional forest-product manufacturers, by increasing costs of raw materials 
and thereby reducing competitiveness with substitute materials [6,53]. Hence, the wood-based panel 
industry will face more competition for all its raw materials, i.e., slabs, chips, sawdust and roundwood, 
while at the same time having no secondary products to feed into the energy markets. Sawmills, on the 
other  hand,  should  mainly  benefit  from  the  development  of  wood-based  bio-energy  markets,  as 
sawlogs have high value and less competition from energy uses, and should attract higher prices for 
secondary  products  (slabs,  chips,  and  sawdust)  demanded  by  bio-energy  markets.  Chemical  pulp 
producers  will  face  increased  competition  for  raw  materials,  but  may  also  profit  from  a  growing  
bio-energy industry since, as already mentioned, they could manufacture new, high-value products in 
integrated bio-refineries. Mechanical pulp producers cannot do this, however, and will suffer from 
higher prices for raw materials and electricity [53]. Landowners will benefit from the development of 
bio-energy, as a result of increased competition, and hence higher prices, for wood raw materials [54]. 
However,  bio-energy  and  bio-fuel  can  also  be  produced  from  annual  plants,  thus  increasing  the 
competition with forests for land-use [6].  
Mitigation policies involving forest-based carbon sequestration raise complex issues, hence their 
effects on forest-product markets have high degrees of uncertainty. Increasing the standing inventory of 
forest biomass implies a greater sequestration of carbon. This can be achieved by converting non-forest 
land into forests, i.e., by afforestation, reducing deforestation, and/or by appropriate adjustment of 
forest management and silvicultural regimes. Management activities promoting increased growth and 
volume  will  typically  enhance  carbon  sequestration  [55].  For  example, fertilization could  increase 
carbon  storage  [56-59].  Further,  reducing  and/or  delaying  harvests  (i.e.,  lengthening  rotations) 
increases the amount of carbon sequestered [60-62]. A model of global forest carbon sequestration 
suggests that while in the short term global timber supply declines as landowners lengthen rotations, in 
the longer term (up to 2050 and beyond) the combination of expanding forest area and longer rotations Forests 2011, 2                         
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will lead to a dramatic increase in timber supply and subsequent reductions in global timber prices [46]. 
Reducing tropical deforestation is perhaps the most efficient approach for carbon sequestration, since: 
deforestation  in  the  tropics  is  still  proceeding  at  a  substantial  rate  [63],  tropical  forests  are  more 
efficient  engines  of  carbon  sequestration,  and  opportunity  costs  are  lower  than  for  temperate  
forests [64]. 
De facto climate change, as well as the notion of climate change, is expected to lead to increased 
consumer preferences for “green products”, particularly in the construction sector. Preferences are also 
expected  to  shift  from  fossil  fuels  to  bio-energy  and  bio-fuel  due  to  rising  energy  prices  [5].  As 
climate-change  benefits  of  sustainable  forest  products  are  not  widely  understood,  there  is  an 
opportunity for the industry to improve its consumer relations [6]; paper and wood have the lowest 
energy consumption and the lowest carbon dioxide emissions of any commonly used packaging or 
building materials [65]. 
2.7. Environmental Policies and Regulations  
Environmental policies and regulations have a potentially strong impact on wood supply as well as 
the production, consumption and trade of wood products. Policy experts expect environmental policies 
and regulations to place increasing emphasis in the future on nature conservation, the promotion of 
biodiversity, and nature-oriented forest management [66]. For instance, various studies have shown 
that the natural environment, biodiversity and the protective functions of forests are widely recognized 
and  highly  valued  by  the  European  public  [67].  Accordingly,  the  German  government  intends  to 
increase the proportion of unmanaged forest area in Germany to five percent by 2020 [68]. 
Greater emphasis on nature conservation and promotion of biodiversity is expected to reduce wood 
removals and production in Europe [66]. Estimates of the impacts of biological and landscape diversity 
protection on wood supply in Europe indicate that it may reduce potential harvests by about 70 million 
cubic meters in protected areas [69]. Policy measures promoting nature-oriented forest management, 
including  elimination  or  reduction  of  clear-cutting  in  favor  of  more  selective  harvesting,  will 
presumably also lead to a reduction in wood supply [66].  
3. Future studies 
The  purpose  of  futures  analysis  is  to  create  or  strengthen  awareness  of  the  future  by  offering 
alternative prospects for the future, and its value is in facilitating the planning and consideration of new 
possibilities rather than in forecasting accuracy [70]. The methods applied in future studies encompass, 
among others, qualitative and quantitative trend analysis, simulation modeling, Delphi analysis, and 
scenario analysis [71]. 
Qualitative  trend  analysis  involves  identifying  leading  trend  indicators  that  are  presumed  to 
determine future developments. In quantitative trend extrapolation, past data are projected into the 
future. Quantitative trend analyses are generally most relevant for short time horizons, e.g., one to five 
years [72]. Different types of trend analyses all assume that the future will, to a large extent, be a 
continuation of the past, i.e., that certain phenomena are likely to persist [73,74].  
Simulation modeling is a quantitative approach to futuring, where mathematical relationships are 
used to imitate a system; these relationships are then built into an internally consistent set of algorithms Forests 2011, 2                         
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used mainly for forecasting environmental impacts [75]. Simulation models are frequently used for 
mid-range  time  horizons,  when  there  is  still  considerable  predictability  about  the  future,  but  also 
considerable uncertainty [76]. 
Delphi analysis is a qualitative future studies method. It is a consensus-based group process for 
systematically soliciting (usually using a set of sequential questionnaires), collating, and refining a set 
of informed judgments regarding issues determined by a small number of variables. Delphi studies 
work best when dealing with relatively short-term futures [77], and are most suitable for exploring 
issues involving both social values and science [78]. 
Scenario analysis  involves developing alternative visions  of the future. A key aim of scenario-
building is to extend thinking in terms of length of time, e.g., beyond five to ten years into the future, 
and breadth, e.g., across a range of possible futures [72]. Raskin and Kemp-Benedict [79] maintain that 
the  long-term  future  cannot  be  extrapolated  or  predicted because of three types  of indeterminacy: 
ignorance (insufficient information on the current state of the system and the forces governing its 
dynamics),  surprise  (possibilities  for  novelty,  surprise  and  emergent  phenomena  making  accurate 
prediction impossible) and volition (the future is unknowable because it is subject to human choices 
that have not yet been made). Scenarios describing futures that could be, rather than futures that will  
be [80,81], take over when forecasting capabilities decline, i.e., uncertainties start to dominate over 
predetermined processes [82].  
There are various approaches for developing scenarios, ranging from quantitative to qualitative, 
trend  versus  peripheral  (i.e.,  unlikely  and  extreme  events)  [83],  and  from  informal  imaginative 
exercises  by a single individual to  a systematic group process  [72].  Schwartz [84] recommends a 
structured approach, as follows: 
1.  Define the topic/problem and focus of the scenario analysis. 
2.  Identify and review the key factors/environmental influences on the topic (drivers). 
3.  Identify the critical uncertainties. 
4.  Define scenario logics. 
5.  Create/flesh out the scenarios. 
6.  Assess implications. 
7.  Propose actions and policy directions.  
The  driving  forces,  or  causal  factors,  are  classified  as  either  constant  (unlikely  to  change), 
predetermined (predictable change) or uncertain [85]. An important step in scenario creation, according 
to  Schwartz’s  approach  [84],  is  to  distinguish  the  critical  uncertainties,  as  this  step  defines  the 
following scenarios. Hence, two general areas of critical uncertainty, i.e., two highly important and 
unpredictable (uncertain) clusters/factors, are identified [82,84]. The critical uncertainties could be 
individual  drivers,  but  one  could  also  define  more  complex  uncertainties  in  terms  of  groups  of  
drivers [82]. The ends of the axes represent extreme, contrasting, outcomes for the critical uncertainties 
(see Figure 2). The drivers that are not used in defining the uncertainties can still be used in the 
descriptions of the scenarios. For instance, drivers that have a high predictability could be used in all 
scenarios to provide internal consistency. Each generated scenario is characterized by specific states or 
outcomes of the two critical uncertainties and the other drivers, e.g., low A and high B characterize 
scenario 2 in Figure 2. In creating and fleshing out the scenarios, care must be taken to make them Forests 2011, 2                         
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internally consistent, i.e., main trends and outcomes of key drivers that can logically co-exist [86,87]. It 
is  important,  however,  to  remember  that  no  single  set  of  scenarios  is  “correct”;  the  value  of  the 
scenarios lies in the strategic discussions they generate [82]. 
Figure 2. From drivers to critical uncertainties and scenarios. From Postma and Liebl [82]. 
  
4. Methods 
All data cited, analyzed and discussed in this paper are from secondary sources such as scientific 
journals, trade papers, official statistics, government reports and studies. The futuring approach used 
here is scenario analysis; the main rationale for this choice is the rather long-term horizon (up to 2050), 
entailing increasing uncertainties. The scenario development and analysis in this instance is qualitative 
in nature, based on discussions and deliberations. The approach follows steps one to six described in 
the methods section, i.e., no comprehensive directions for policy are suggested.  
The  scenarios  are  defined  by  divergent  futures  associated  with  two  critical  uncertainties:  the 
degrees to which (i) current patterns of globalization will continue or be replaced by regionalism, and 
(ii) concern about the environment, particularly climate change, related policy initiatives and customer 
preferences, will materialize. The second of the critical uncertainties is composed of the two drivers 
Policies, regulations and customer preferences linked to climate change and Environmental policies 
and regulations. The underlying assumption here is that concern for the environment and concern for 
the climate are linked.  
Both of the critical uncertainties defined are considered to be of paramount importance for global 
forest-product  markets  and  also  subject  to  considerable  unpredictability,  unlike  (for  instance) 
demographic  developments.  The  main  reason  for  choosing  Policies,  regulations  and  customer 
preferences linked to climate change rather than Global climate change is that up until 2050 large 
differences in global warming are not expected, irrespective of emission scenario [47]. Hence, no large 
differences in the effects of climate change between different scenarios are foreseen, making Global 
climate change less suitable for defining scenarios. This is not to say that climate change will not have 
profound effects on forest conditions and forest-product markets in the near and medium term, rather 
that climate change in this analysis is incorporated in the scenario descriptions.  Forests 2011, 2                         
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5. Results: Scenario Analysis—Four Alternative Futures 
Below, four scenarios for the developments in global forest-product markets and their implications 
for the Swedish forest sector are presented. The scenarios are distinguished principally by divergent 
futures with regard to the two critical uncertainties mentioned in the methods section (see Figure 3).  
Figure 3. The scenarios. 
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I.  This scenario is characterized by unabated globalization, rapid global technological progress 
and  economic  growth,  little  in  the  way  of  climate-change  mitigation  efforts,  low 
environmental concern, and relatively low energy and transport costs. The global population 
has stabilized in 2050, while the population in Europe is declining and ageing. Due to rapid 
economic growth and huge populations, China and India are the main consumers of wood 
products. Bio-energy markets have developed modestly globally; even in the European Union 
(EU) the bio-energy targets for 2020 were reached by only a handful of the member countries. 
Recycling rates have not risen above today’s levels. Cheap wood raw materials, as well as 
commodities, are imported to the EU, leading to continued falls in real prices. As a result, 
annual  harvest  levels  in  the  EU  have  decreased  and  there  is  little  investment  in  forest 
management.  Further,  annual  harvest  levels  fluctuate  more  than  today  as  a  result  of  
climate-related calamities and ensuing salvage logging, i.e., climate-change stock effects are 
evident.  The  solid  wood-product  industry  in  Sweden  and  Europe  in  general,  having  seen 
considerable structural rationalizations, has invested heavily in technical development; large, 
integrated production units now supply high-tech timber construction components, including 
composites  produced  nanotechnologically,  to  meet  the  demands  of  a  highly  industrialized Forests 2011, 2                         
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construction  industry  (partly  due  to  a  shrinking  workforce).  The  Nordic  pulp  and  paper 
industry has seen further mergers. Cheap wood fiber has increased profits, but the bulk of pulp 
and paper is produced in the Southern hemisphere. The pulp and paper industry remaining in 
Sweden focuses on supplying value-added products. Continued expansion of electronic ICT 
has resulted in dramatic decreases in newsprint and office paper production, consumption, and 
exports. As a consequence, less forest resources are needed for pulp production in Sweden. 
Overall, the demand for Swedish wood raw materials is relatively low, and the total supply of 
wood  fiber  in  Sweden  has  not  increased  compared  to  today’s  level.  Employment  in  the 
Swedish  forest  sector  is  lower  than  today;  a  result  of  technological  progress  driven  by 
continued urbanization, a declining work force in general (driving up the cost of labor), and 
extensive forest management. Due to falling real wood prices, the real prices for forest land 
have increased modestly.  
II.  As in scenario I, scenario II is characterized by a high degree of globalization accompanied by 
rapid technological development and economic growth (albeit slower than in scenario I). In 
scenario II, however, climate-change mitigation efforts are prominent worldwide. There is also 
a high degree of environmental concern amongst the public as well as policy-makers. Energy 
and transport costs are higher than in scenario I, but not dramatically higher, due to continuous 
and successful substitution of bio-energy and bio-fuels, including those from woody biomass, 
for  fossil  fuels.  The  global  population  has  stabilized,  while  the  European  population  is 
declining and ageing. Urbanization in Sweden and a number of other European countries has 
halted; a growing number of people want to live close to nature. Plantation forests in the 
Southern hemisphere are being increasingly used to produce bio-energy feedstocks, and are at 
the same time facing increased competition from alternative land-uses; agricultural production 
and non-wood sources of bio-fuel. Real prices of forest products have increased worldwide 
compared to today’s levels. Global recycling rates have risen dramatically. Despite reduced 
imports of wood raw materials and the fact that forest productivity has generally risen, harvest 
levels in the EU are not, on average, higher than current levels, due to greater emphasis on 
nature  conservation  and  biodiversity.  Forests  are  also  used  increasingly  as  carbon  sinks, 
resulting in reduced and/or delayed harvests. As mitigation efforts have only slowed down 
climate change marginally as yet, harvest levels fluctuate more than today due to calamities 
induced by climatic changes. Large production units of sawmills integrated with chemical pulp 
and  paper  units  in  bio-refineries  benefit  from  increasing  demand  for  energy-efficient, 
renewable  construction  materials  (including  composites  produced  nanotechnologically),  
bio-fuel  and  bioplastics.  Pure  wood-based  panel  producers,  on  the  other  hand,  have 
disappeared due to intense competition for all its raw materials from the bio-energy sector. As 
a result of continued expansion of electronic media, newsprint and office paper production, 
consumption, and exports have all but disappeared. Only chemical pulp and paper units that 
have been converted into bio-refineries are surviving (mechanical pulp production has lost 
viability  and  collapsed  in  Sweden  and  the  rest  of  Europe  due  to  price  increases  for  raw 
materials and energy, driven by the growing bio-energy industry, and the lack of compensatory 
advantages). Overall, less forest resources are needed for pulp production in Sweden. The Forests 2011, 2                         
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annual harvest level in Sweden has increased significantly compared to today’s level, despite a 
strong focus on environmental issues, due to an elevated net global demand for wood fiber, 
not  least  from  the  energy  sector.  Hence,  forests  exempt  from  conservation  are  managed 
intensively and rotations have been shortened in these production forests. However, forests 
with  low  wood-production  potential  are  managed  increasingly  for  non-wood  ecosystem 
services  (eco-tourism,  as  well  as  large-scale  industrialized  berry  picking,  has  increased 
considerably) and as carbon sinks. The property rights for non-wood ecosystem services, e.g., 
berry-picking, have been strengthened at the expense of public access. In spite of technological 
improvements, employment in the Swedish forest sector is higher than today; a result of the 
elevated demand for wood and the growth of non-wood ecosystem services. Forest owners in 
Sweden  have  benefited  from  the  development  of  bio-energy  and  the  resulting  increased 
competition for, and hence prices of, wood raw materials. The real value of forest land is 
significantly higher than today.  
III.  In this scenario, increases in international conflicts over natural resources have resulted in a 
shift away from free trade and globalization, to a regime of strong regional trading blocs. The 
EU has consolidated its influence, but there has been no further enlargement of the union. The 
scenario  is  further  characterized  by  little  climate-change  mitigation,  low  environmental 
concern, and intermediate levels of economic growth and technological progress. Energy and 
transport costs are higher than in Scenarios I and II. Global population has stabilized, while the 
European  population  has  started  to  decline.  Though  climate-change  mitigation  efforts  are 
rather limited, the bio-energy markets in the EU have developed dramatically, as a result of an 
urge  (and  need)  to  reduce  dependence  on  fossil  fuel  imports.  EU  recycling  rates  are 
considerably higher than today, as imports of raw materials have decreased sharply. Greatly 
reduced  wood  imports  to  the  EU,  in  combination  with  the  high  demand  for  wood  in 
construction and for energy purposes, has increased the demand for European wood. As a 
result, harvest levels in the EU are considerably higher than today and forests are managed 
intensively.  However,  harvest  levels  fluctuate  widely,  as  a  result  of  calamities  caused  by 
climate  change.  Real  prices  of forest  products  have increased compared to  current  levels. 
Sawmills in Sweden and the rest of Europe, often integrated with chemical pulp and paper 
units  in  bio-refineries,  are  in  a  favorable  position  due  to  the  increased  demand  for  
energy-efficient, renewable construction materials. The wood-based panels industry, on the 
other hand, is in dire straits due to intense competition for all its raw materials from the  
bio-energy sector. The Nordic pulp and paper industry is dependent on Nordic forest resources. 
The demand for paper, especially newsprint, has decreased. Only pulp and paper units that 
have  been  converted  into  bio-refineries  make  any  profits.  In  summary,  the  demand  for 
Swedish wood raw materials is high. Annual harvest levels and employment in the forest 
sector in Sweden are significantly higher than today. Due to continued urbanization, logging 
camps  are  set  up  in  remote  areas.  Forests  are  managed  intensively;  rotations  have  been 
shortened, while fertilization and fast-growing species, such as hybrid poplar, are being used 
on a large scale. This development has taken place at the expense of biodiversity and other Forests 2011, 2                         
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non-wood forest ecosystem services. Forest owners in Sweden have benefited from increased 
wood prices. The real value of forest land is higher than today.  
IV.  As  in  scenario  III,  in  scenario  IV  globalization  has  been  replaced  by  regionalism,  but  
climate-change  mitigation  is  much  more  pronounced.  There  is  also  a  high  degree  of 
environmental concern amongst the public as well as policy-makers. The economic growth is 
the  lowest  of  all  scenarios,  and  technological  progress,  centered  on  the  development  of  
bio-energy, is low. Transport and energy costs are the highest of all the scenarios. Global 
population has stabilized, while the European population is declining and ageing. Urbanization 
in Sweden and a number of other European countries has halted; in Sweden partly as a result 
of increasing employment in the forest sector, and partly because an increasing number of 
people  want  to  live  close  to  nature.  Greatly  reduced  fossil  fuel  imports  and  intensive  
climate-change mitigation have resulted in rapidly growing bio-energy markets. Real prices of 
forest products have massively increased, as has recycling. Recovered wood and recovered 
paper are used increasingly for energy, rather than in reconstituted panel and paper production. 
Since wood imports to the EU have virtually ceased, paired with the high demand for wood for 
energy purposes, the demand for European wood has increased tremendously. Due to greater 
emphasis on nature conservation and biodiversity, as well as increased use of forests as carbon 
sinks, harvest levels in southern and central Europe have not, on average, increased compared 
to current levels. Mitigation efforts in combination with slow economic growth have led to 
reductions in GHG emissions, but harvest levels still fluctuate more than today, due to stock 
effects  of  climate change. The demand pressure on Swedish wood resources is mounting. 
Sawmills  are  prospering,  as  a  result  of  the  combination  of  elevated  demand  for  
energy-efficient, renewable construction materials and rising prices for secondary products, 
due to expanding bio-energy markets. The wood-based panel industry, on the other hand, is all 
but gone due to intense competition for its raw materials from the bio-energy and sawmill 
sectors. The Nordic pulp and paper industry is now dependent on Nordic forest resources; 
production facilities have not moved to the southern hemisphere. Nevertheless, demand for 
paper, particularly newsprint, but also printing paper, has decreased compared with today. 
Only chemical pulp and paper units that have been converted into bio-refineries are surviving. 
Although  there  is  strong  environmental  awareness,  annual  harvest  levels  in  Sweden  have 
increased  significantly  compared  to  current  levels.  Forests  exempt  from  conservation  are 
managed intensively; rotations have been shortened and fast-growing species, such as hybrid 
poplar, are being used on a large scale. However, forests with low wood-production potential 
are  also  managed  for  non-wood  ecosystem  services  as  well  as  for  carbon  sequestration. 
Employment  in  the  Swedish  forest  sector  is  much  higher  than  today,  due to  the elevated 
demand for wood, reduced mechanization of forest operations, and the growth of non-wood 
ecosystem services. Forest owners enjoy high wood prices, and the real value of forest land 
has increased considerably.  Forests 2011, 2                         
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6. Discussion and Conclusions 
There are factors supporting an increase, as well as a decrease, in the global net demand for wood 
fiber. The net effect depends on the relative strength of these factors. In general, no future scarcity of 
wood fiber globally is foreseen. The main factors that could potentially result in global scarcity of 
wood fiber are continued rapid economic growth in Asia, major calamities such as insect outbreaks, 
and the development of large-scale bio-energy markets. For the Swedish forest sector, the two most 
fundamental determinants of wood fiber demand are perhaps degrees to which: (i) current patterns of 
globalization will continue or be replaced by regionalism, and (ii) concern about the environment, 
particularly climate change, related policy initiatives and customer preferences, will materialize.  
Overall, the outlook for the Swedish solid wood-product industry is optimistic, irrespective of which 
future  occurs;  provided  it  sheds  its  commodity  orientation  and  increases  the  value-added  by 
accommodating  the  growing  demand  for  factory-made,  energy-efficient  construction  components, 
produced using renewable materials. In addition, the Swedish solid wood-product industry is not facing 
the same direct threat from globalization as the pulp and paper industry, since the expansion in the 
southern  hemisphere  is  focused  on  pulp  and  paper  production.  Furthermore,  the  development  of 
prominent bio-energy markets should mainly benefit the sawmill industry, which should obtain higher 
prices for secondary products with limited competition from bio-energy markets for raw materials. In 
the  future,  integrated  production  units  producing  construction  components,  as  well  as  bio-fuel, 
bioplastics, and food ingredients, are conceivable. The wood-based panel industry, on the other hand, 
already  of  marginal  importance  in  Sweden,  would  suffer  from  intense  competition  for  all  its  raw 
materials from the bio-energy sector.  
The prospects for the pulp and paper industry in Sweden are more difficult to predict. Globalization 
is increasingly shifting production and consumption to the Southern hemisphere, adversely affecting 
employment  and  forest  owners  (through  decreased  demand  for  pulpwood)  in  Sweden.  Further, 
continued expansion of electronic ICT will most likely result in a significantly reduced demand for 
newsprint and office paper. Finally, the pulp and paper industry could benefit from, as well as being 
adversely  affected  by,  the  development  of  a  burgeoning  bio-energy  industry,  since  chemical  pulp 
producers could manufacture new, high-value products in integrated bio-refineries. Mechanical pulp 
producers cannot do this, however, and are likely to be affected by higher prices for raw materials  
and electricity. 
Swedish  forest  owners  should  benefit  from  expanding  bio-energy  markets  and  resulting  higher 
prices for woody bio-energy feedstocks. Wood fiber for energy purposes can, however, be imported to 
Sweden from countries with huge biomass potentials, for instance sizeable quantities of wood pellets 
are imported to Sweden from Canada [88]. The highest demand for Swedish wood fiber, and hence the 
highest real prices for wood and forest land, can be expected in a regionalized world characterized by 
considerable public concern regarding global climate change and the environment in general. This 
possible future is also the one where employment in the forest sector is likely to be the highest of the 
four considered scenarios. 
It is beyond the scope of this paper to give any policy recommendations. However, a few policy 
issues raised by the scenario analysis will be briefly highlighted. First of all, depending on which future 
materializes, some tradeoffs will probably be inevitable. Notably, an elevated harvest level and ensuing Forests 2011, 2                         
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intensified  forest  management  (e.g.,  shortened  rotation  periods  and  fertilization)  in  Sweden  could 
compromise  biodiversity.  In  particular  the  general  consideration  for  biodiversity  on  all  productive 
forest land, a trait of Swedish forest policy, could be at risk. The objective of maximizing wood supply 
also conflicts to some extent with the objective of increasing carbon sequestration in forests. Another 
discernible future conflict is between the development of markets for non-wood ecosystem services 
and public access to forests. Increased flexibility of the forest sector will be needed to cope with both a 
more  fluctuating  demand  for  Swedish  wood  fibers  (resulting  from  climate  change-related  forest 
calamities abroad) and highly variable supply conditions in Sweden. 
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